Visits to museums have been studied as hedonic and utilitarian forms of cultural consumption, though limited attention has been given to the access of museum collections online. We perform a unique historic analysis of the visibility of collections in a museum of ethnographic collections and compare 100 years of onsite visits to 5 years online visits. We find two main results: first, access to collections increased substantially online. From a selection of objects available both onsite and online, access grew from an average of 156,000 onsite visitors per year to over 1.5 million views online per year. Onsite, 15.5 million people visited the museum in a spam of a century while online, 7.9 million people viewed collections in only the last 5 years. Second, we find a difference in consumer preference for type of object, favouring 3D onsite and 2D online (photographs of objects, particularly when showing them being used). Results support understanding of online heritage consumption and emerging dynamics, particularly outside of an institutional environment, such as Wikipedia.
Introduction
Visiting museums has become an important leisure activity and touristic attraction (Frey, 2006) , predominantly to institutions with a higher ease of physical accessibility (Brook, 2016) and particularly for visitors with higher levels of education, income (Falk and Katz-Gerro, 2015) , and an intellectual motivation (Brida, et al., 2015) .
Understanding consumer preference for cultural goods has further identified a pattern where few products are extremely popular, while the majority of content remains obscure (Clement et al., 2007, Ginsburgh and Ours, 2003) . This so-called long tail associated with the superstar museums and artworks (Frey, 2006) has also been found online, though longer and thicker and resulting in a different set of superstars .
The availability of collections online has led to the reuse of objects in contexts outside of the museum website. This should not come as surprise. Technological innovation has been identified to change cultural consumption and consumer preference (Potts, 2014 ). An example can be found in performing arts institutions that adopted digital technologies, which have experienced a broadening and deepening of their consumer base (Bakhshi and Throsby, 2012) . Museums seeking to broaden and deepen their visitors have positioned collections where the consumers are: online.
Positioning objects in a social media site will reach far more online users than when publishing collections in the museum website, particularly websites of lesser-known museums. A number of heritage institutions, including 25 from the Netherlands, have published collections at the Wikimedia Commons, the online repository that feeds Wikipedia articles. Figure 1 shows a photograph of an object displayed in a museum and a photograph from the museum's collection with the object being used, both serving to illustrate a Wikipedia article that receives an average of 14 views per day. (Brinkerink, 2015 Wikipedia's considerable traffic signals its position as highly preferred site for online information consumption.
Cultural heritage consumption onsite and online has received much attention in the context of the music, film and book markets (e.g. Vallbe, et al., 2015) . Analysis has generally compared consumer choice of channel (e.g. legal or illegal, payment subscription) and carrier (e.g. CD, download, streaming). Analysis comparing change in type of content preference when a digital variant is available has not received much attention. Only one study included the variable of type of content, identifying a digital preference for film titles not available onsite (Bodo and Lakatos, 2012) . This paper intends to fill this void by comparing the consumer preference onsite and online per type of content.
In this paper, we focus on two specific questions: first, we explore the changes in consumption by comparing physical exhibition and online publication in an open data environment. We analyze object mobility and visibility. Second, we try to explain the differences in preference of consumption by analyzing patterns of object selection. We find an exponential increase in consumption when moving into the digital realm, where the onsite environment is limited to a number of exhibits a year, the online environment awards unrestricted access 24/7 from across the (digital) globe representing an important complement to collection accessibility. We also find new preference patterns in the online environment: readers favour English pages that include rich and diverse content (quality indicator), while editors favour alternative languages with little content, suggesting a trend to enrich the information market. This is particularly relevant for ethnographic museums giving digital access to their holdings, in fact facilitating cross-cultural encounters for further knowledge making (Witcomb, 2007 Results contribute to the empirical research on consumer behaviour and heritage consumption preference, particularly of hedonic products (content) available free of charge in the online market. We illuminate the relationship between cultural consumption patterns online and onsite, by availing partly of new tools that enable analyses of consumer behaviour around the content provided by galleries, libraries, archives and museums (the so-called GLAMs). We further contribute to the understanding of non-profit organizations, with focus on museums and on the Wikipedia environment. This paper is the first, to the best of our knowledge, to compare change in consumption preference of heritage content from an onsite to an online environment in an empirical framework using historic visitor data.
The remaining of the paper is organized as follows: in section 2, we define consumption (and use) of heritage and review the literature on the consumer preference of hedonic products. In section 3, we review the literature on consumption of Wikipedia content across topics and languages. In section 4 we present the data, describe our method and present the quantitative analysis followed by a discussion in section 5. We end with conclusions in section 6.
Cultural consumption
Cultural consumption refers to cultural goods and services that are used for direct satisfaction of individual needs, or collective needs of members of a community (EC, 2008) . 4 Consumption of museum services generally measure the number of people visiting the exhibits, a measure we pursue in the underlying study, or the price of access (e.g., Borowiecki and Navarrete, 2015 , who study how museum prices are influenced by VAT rates for admission to cultural services). Much less attention has been given to complementary forms of consumption, such as (catalogue) sales, image licensing, or online view of the collections.
Visiting museums onsite has been associated with a number of socioeconomic determinants, including greater personal capital (as level of education and art education of visitors and of visitors' parents), gender (female reporting higher 4 The definition by the SNA 2008 refers to consumption in general. It states that consumption takes place without further transformation in production, which is no longer applicable in the consumption of digital heritage through the participatory web. The case of Wikipedia is a good example, which allows consumers to act as producers when serving as editors.
number of visits), distance to metropolitan areas (Ateca-Amestoy and PrietoRodriguez, 2013), and ease to access the museum (Brook, 2016) . The reasoning behind museum visits has been associated with willingness to pay (Frey and Meier, 2006) , availability of substitute goods (Rouwendal and Botter, 2009 ), but also to fulfilling recreational activities (e.g. curiosity, spending free time) and satisfying an information need (e.g. learning something new, research) (Johnson and Thomas, 1998; Frey, 1998; Brida, et al., 2015) . Motivation for online heritage consumption has been linked first and foremost to remote access (Booth, 1998) , but also to academic research, creative reuse, educational use, commemorative use, personal enjoyment, preservation, and commercial use . Most museum website traffic is linked to planning a visit onsite, though viewing collections online has being found complementary to the physical museum visit (Marty, 2007) .
Having a hedonic or utilitarian motivation to visit museums does not have to be exclusive. Dual-purposed consumption has been identified in information systems that satisfy both an increase in productivity (utilitarian) while providing pleasure to consumers (hedonic) (Wu and Lu, 2013 produsage, where the product is never completed but exists as continuous user-driven process (Bruns, 2013) . Wikipedia is the exemplary case of an unfinished product that rates among the most consumed online.
For the purpose of this paper, we define consumption of heritage within the Wikipedia environment as use of heritage content online. This includes viewing articles as well as editing articles containing heritage media.
Consumption patterns in Wikipedia
Since its launch in 2001, Wikipedia has grown to become a key online source of information. The content in Wikipedia includes 35 million articles in close to 300 languages, making it a rich source of data in the expanding Linked Open Data cloud.
Projects like DBpedia or WikiData extract, structure and make the content available in a machine-readable format that facilitates reuse, such as Google's Knowledge
Graph (Lehmann et al., 2015) . The Wikimedia Foundation projects receive millions of visitors daily, 49.5% of which visit Wikipedia articles and 47% of which visit images and other multimedia resources, adding up to 96% of all server traffic (Reinoso et al., 2012) . Images, and multimedia, are an important part of the content delivered by Wikipedia.
Wikipedia receives more than 400 million unique visitors per month, 5 of which nearly half accounts for visits to the English edition (Reinoso et al., 2012) .
Article views present cycles, with lower traffic during the weekend and holiday periods and higher traffic during school exam periods (Ratkiewicz et al., 2010b) .
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Bursts on article views can be linked to "appropriately chosen queries on Google Trends, suggesting that these bursts are often driven by external events" (Ratkiewicz et al., 2010b:295 6 In comparison, museums in the US generally receive lower visitor numbers the first 2 to 3 weeks in September and in December, due to communities going back to school and preparing for the winter holidays (Lord and Piacente, 2014) . 7 https://en.wikipedia.org/wiki/Mozambique_funeral_beer_poisoning. views and edits in Wikipedia articles has also been linked to popular films (Mayestyan et al., 2013) .
In addition to time patterns for consumption, consumer preference can be analyzed by topic. Lehmann et al. (2014) quantified the preference of consumers specific to biographical articles (a popular topic) in the English Wikipedia (the largest edition) and found that biographies of historical figures, general history, places and culture were rated among the 500 most popular articles. Geography, history and politics have been identified as highly popular topics, which Spoerri (2007a) defined as prototypical encyclopaedia topics.
8 Spoerri (2007b) further found the topic entertainment (including music, films, comics, performers, TV series, video games and books) to be the most popular topic within the top 100 most viewed English Research on the use of Wikipedia to distribute museum collections reported that the long-tail often found in cultural consumption was also present online, though longer and thicker . Results support the view that Wikipedia, and Wikimedia Commons, are important intermediaries for cultural consumption online. We hope to contribute to this discussion by presenting our results on the use of Dutch ethnographic collections in the top seven Wikipedia languages.
Data and Analysis

Object accessibility
In order to compare a change in object accessibility onsite and online, we chose an institution with a sound historic record of onsite exhibitions that had a large enough portion of its collection published online. We found the ethnographic museum in Amsterdam (NMVM), 9 with a collection of 600,000 objects, holds a digital record of exhibitions per object for the past 100 years in its digital database The Museum System (TMS). A query on the exhibited objects in its current location (opened in 1927) showed that 10% of the collection has been exhibited since. We reviewed the museum's archive to identify the number of people visiting the exhibits and used the annual reports to determine the number of onsite views of the collection from 1911 to 2010 (see Figure 2 ). We also found two major visitor surveys that outlined the socioeconomic make-up of the visitor population in the 1950s.
[ In order to understand the influencing factors increasing object views, we ran a simple linear regression with robust standard errors where object views was a function of the number and length of exhibits and online publication as well as of characteristics found in Wikipedia articles, including language, number of images, and topic. From the 50,000 objects available in the Commons, we identified those that had also been in a physical exhibit resulting in 5,815 objects, of which we selected those used more than 27 times in Wikipedia. We used the 95 objects from the NMVW found in 51
Wikipedia articles as data set, some objects being present in more than one article, totalling 140 observations. Table 2 shows the results. The first model is a simple OLS regression of total views (column 1) and average views per month (column 2). A second pair of models contains additionally type of object fixed effect (columns 3 and 4), so that objects in the same website in multiple languages or multiple NMVW objects in one single website were accounted for. The third model includes in addition type of object (2D, 3D, video and text) fixed effects (columns 5 and 6), in order to account for the unobservable fundamental differences across types of object.
[Insert Table 2. Object view as function of exhibits and inclusion in Wikipedia articles]
Not surprisingly, the longer the object was on view online, the higher the coefficient for total views. This agrees with the findings by Ratkiewicz et al. (2010b) of increasing article views as function of time. We find that object view increases when more images are present in the article. We suggest that articles that have a larger number of images have had a longer time to develop and therefore have richer and more mature content, reflecting a higher quality. Therefore, the quality of the article appears to positively influence the number of views. This is not the case, however, when there are many images exclusively from the NMVW museum as this results in a significant negative coefficient for most regressions. The high number of images from one source may be linked to one editor preference for content rather than quality of the article and therefore works against the popularity of the article. Further, consumers tend to value diversity (Ranaivoson, 2012) , perhaps as additional signal of a developed product, in this case diversity of image source as signal of quality of the Wikipedia article.
Onsite number of exhibitions is negatively related with the number of views.
This may come as a surprise, but could be partly driven by the low variation and a high number of zeros in this explanatory variable. Furthermore, when we accounted for type of object, the negative coefficient disappears (though positive is not significant). This can be explained by the greater preference for 2D objects online, which have little visibility onsite as preference is given to 3D, and vice versa. Further, 2D preference by editors was found for photographs of objects used in their original context, rather than in an isolated white box photographic studio, pointing to the illustrative role of collections in Wikipedia articles. Crowdsourcing is another variable that appears as significantly negative, until we account for object type, turning into a significant positive. All nine cases of crowdsourced images are of 3D objects being photographed by the public to be used in Wikipedia, not surprising as 3D has higher prevalence onsite and lower presence online (hence the need for crowdsourcing efforts such as Wiki Loves Art) 17 .
Object view also responds to characteristics of the Wikipedia articles. English is, as expected, the strongest positive language variable, followed by Indonesian and Dutch. This is not surprising as English is the largest Wikipedia edition, the NMVW museum is located in the Netherlands and a large part of the NMVW collection originates from Indonesia. Another determinant is the topic of the article. We divided the articles analyzed based on topics defined by Spoerri (2007b) to include science (our baseline category), history, culture, sexuality and geography, the later exhibiting The number of views online per object does not account for the positioning of the image within the article. From our sample, three objects are located at the top subject box, one object is located at the bottom category box (negligible), and other objects are located throughout the articles. We did not account for position (e.g. strong, mid of low visibility) because we lacked the comparable evaluation data for the onsite exhibition, which present similar dynamics depending on object positioning in the physical space. Nonetheless, the onsite comparison to the online environment gives a number of clues on the consumer preference for heritage online.
Discussion
Consumption of the museum collection online is significant. In the last century, 8.4
million people have physically visited the museum NMVW while 448.4 million people have visited Wikipedia pages containing images from the NMVW collection.
That is an average of 94,500 visitors onsite per year increasing to 1.7 million visitors online per year. In comparison, the collection receives 600,000 annual views at the museum website. 18 From the selected objects, both present onsite and online, the increase presented a different rate from 2,223 visitors per year onsite to 8,439 views per year online. This evidences the change in cultural consumption brought by changes in technology, affecting quantity, diversity, and consumer preferences, as suggested by Potts (2014) .
Wikipedia, as online distribution channel, has proven key to position the content into niche markets. The museum not only benefits from the infrastructure in place, which is being developed to grow mobile, but also from the community of users who keep the content updated, what Benghozi and Benhamou (2010) refer to as information curation, and who increase the chance of reuse (Zhang and Kamps, 2010) . Clearly, all are benefits for the museum at a marginal cost. For heritage institutions it is to be expected that using existing social online networks to disseminate content is less costly than developing their own online environments, this in terms of the resources needed to develop and maintain the technical platform as well as the community of users, costs identified by Benghozi and Benhamou (2010) and by Ongena et al. (2012) . Further, the Wikipedia environment offers multilingual layers of access to content where the same object may be used in similar articles in different languages as well as to illustrate a variety of different topics. In turn,
Wikipedia benefits from having a larger repository of images to illustrate articles and hence enrich their quality by increasing diversity, an important characteristic valued by consumers (Ranaivoson, 2012) . Ideally, collaboration would involve more than image dumping by museums into the Commons but also include enrichment of articles by staff at heritage institutions, participation in the Wiki Loves Art events, or other forms of contribution to the community of users. In this way, the museum would favour a produsage environment over a prosumption relation (Bruns, 2013) . Increasing consumption of collections by improving physical accessibility (Brook, 2016) could easily be translated into publication of collections online that support an accessible legal framework.
In terms of the information signals to support selection of quality products, a striking difference is found between the onsite and the online environments. While experts (curators) select objects for physical exhibitions, it is the consumers (community of Wikipedia users) that select objects to be included in the Wikipedia articles. In the museum, curators, conservators or marketing staff select objects to advance knowledge in the field, responding to questions originating from the collections in a research-based approach, or select objects responding to public interest, driven by the market and current events (e.g. death of a popular artist) (Lord and Piacente, 2014) . The process leads to a finished exhibition that has an opening and a closing. In Wikipedia, the crowd of editors is responsible for selecting objects, another (Frey and Meier, 2006; Ginsburgh and Ours, 2003) . Online, the high traffic to confirming results by Ratkiewicz et al. (2010b) . We also find a discrepancy in the popularity of articles viewed, with a strong preference for the English version, and the articles edited, with a higher number of articles found in the Indonesian version. The disclosed difference in consumer activity (edits and views) is in line with the characterization of the overall Wikipedia traffic previously found by Reinoso et al. (2012) .
Conclusions
The adoption of digital technology in all segments of life has, inevitably, also brought changes to cultural consumption. We find evidence that the quantity of goods consumed has greatly increased in an online environment, leading to observable changes in consumer preference, favouring high quality and diversity of content.
We investigated the change in accessibility of museum collections after digitization by comparing onsite and online object accessibility. We used data from the ethnographic museum in Amsterdam (NMVW) and compared exhibitions in the last century (onsite access) to Wikipedia articles from the last five years (online access). We found that object accessibility grew exponentially from 94,500 visitors onsite per year to 1.7 million visitors online per year.
We also analyzed the changes in consumption preference and found two distinct variants reflecting consumption form (physical and online). We found that objects available for view at the museum exhibition halls were selected by experts (museum curators), presenting a strong preference for 3D objects. In contrast, object selection for Wikipedia articles was conducted by the Wikipedia community, presenting a strong preference for 2D objects. The online preference for 2D images, and specifically depicting the object being used and in context, has implications for further digitization projects. Multiple views of an object may give a richer representation and hence satisfy multiple user needs, to include de object as art piece, in context, or being used and in movement.
Consumption of Wikipedia articles further presented a preference for quality articles, including multiple images from different sources, on topics related to geography in the English version. English remains by far the preferred version for global consumers.
We can conclude that institutions interested in increasing accessibility to collections benefit from publishing collections online in platforms such as Wikimedia.
Museums can further benefit from active networked communities that keep content updated, advance technological development, and further support the greater access to collections, such as the one found in the Wikipedia community. In turn, Wikipedia benefits from a greater selection of images to enrich articles and hence gain greater popularity as a quality information source online. 1911 1916 1922 1927 1932 1937 1942 1947 1952 1957 1862 1970 1975 1983 1988 1993 
